WET MULT I PLATE CLUTCH 



BACKGROUND OF THE INVENTION 

a) Field of the Invention 

This invention relates to a wet multiplate clutch, which 
is useful primarily in a transmission for an automotive vehicle. 

b) Description of the Related Art 

FIG. 4 shows the basic construction of a wet multiplate 
clutch in cross-section. The wet multiplate clutch generally- 
designated at numeral 1 is provided with a clutch case 2 and 
a hub 3, which are rotatable relative to each other. Plural 
separator plates 11 and plural friction plates 5 are 
spline-fitted on the clutch case 2 and the hub 3, respectively, 
such that the separator plates 11 and friction plates are 
movable in an axial direction. In the conventional example 
illustrated in FIG. 4, the separator plate 11 and the friction 
plates 5 are alternately arranged one by one. 

Via the clutch 1, power is transmitted between the clutch 
case 2 and the hub 3. FIG. 4 also shows a spline groove 21 of 
the clutch case 2, a spline groove 31 of the hub 3, a piston 
6, and a return spring 6 for the piston 6. 

When transmission of power is desired, an application of 
pressure to a right side of the piston 6 as viewed in the drawing 
causes the piston 6 to move leftwards against the spring 7 so 
that the friction plates 5 and the separator plates 11 are 



brought into contact under pressure to transmit the power from 
the clutch case 2 to the hub 3. Designated at numeral 22 is 
a snap spring for supporting pressures from the piston . Release 
of the pressure on the right side of the piston 6 allows the 
piston 6 to return rightwards owing to the arrangement of the 
return spring 7, and the clutch is disengaged. In the drawing, 
an alternate long and short dash line X-X indicates a central 
axis . ■ 

When the separator plates 11 are caused to slidingly 
rotate relative to the friction plates 5, heat is produced. The 
wet multiplate clutch of the conventional construction, however, 
does not permit good transfer of the heat, resulting in 
development of thermal deformation called "heat spots" on the 
separator plates 11. FIG. 5 illustrates conditions of the 
separator plates 11 of the conventional wet multiplate clutch 
after a test. As shown in this drawing, heat spots 11H have 
been formed on the surfaces of the separator plates 11. 
Incidentally, sign 11A indicates spline tabs which are 
maintained in engagement with the corresponding spline grooves 
of the clutch case 2 . 

SUMMARY OF THE INVENTION 
An object of the present invention is, therefore, to 
provide a wet multiplate clutch which can inhibit the occurrence 
of heat spots on separator plates. 



In one aspect of the present invention, there is thus 
provided a wet multiplate clutch of a construction that plural 
friction plates and plural separator plates are alternately 
arranged, wherein between each two friction plates arranged 
adjacent to each other, plural separator plates are disposed. 

The plural separator plates disposed between each two 
friction plates arranged adjacent to each other may be disposed 
separably from each other. Between each two mutually-adjacent 
ones of the plural separator plates disposed between each two 
friction plates arranged adjacent to each other, a thin member 
may be interposed. Each two mutually-adjacent ones of the 
plural separator plates disposed between each two friction 
plates arranged adjacent to each other may be coated or machined 
at mutually-opposing surfaces thereof. 

Owing to the disposition of the plural separator plates 
between each two friction plates arranged adjacent to each other, 
the wet multiplate clutch according to the present invention 
can exhibit an advantageous effect that the occurrence of heat 
spots on separator plates can be inhibited. 

A friction material on the friction plates may be burnt 
black in some instances. As this burning takes place due to 
heat spots occurred on the separator plates, the inhibition of- 
occurrence of heat spots makes it possible to prevent burning 
of the friction material. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-sectional view of a wet multiplate 

clutch according to a first embodiment of the present invention; 
FIG. 2 is a cross-sectional view of a wet multiplate 

clutch according to a second embodiment of the present 

invention; 

FIG. 3 is a front view of the wet multiplate clutch of 
FIG. 2, as viewed in the direction of arrows III-III; 

FIG. 4 is a cross-sectional view of a conventional wet 
multiplate clutch; 

FIG. 5 is a perspective view of conventional separator 
plates, illustrating the results of a test; 

FIG. 6 is similar to FIG. 5, but illustrates the results 
of a test of separator plates in the wet multiplate clutch 
according to the first embodiment of the present invention; and 

FIG. 7 is similar to FIG. 5, but illustrates the results 
of a test of separator plates in the wet multiplate clutch 
according to the second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
AND PREFERRED EMBODIMENTS 
A relationship between the thickness of a separator plate 
and heat spots occurring on the separator plate is considered 
to be expressed by the following formula: 

AH =AT-W-a 



5 



where 

AH: Height of heat spots, 

AT: Temperature difference on the surface of the 

separator plate (i.e., a difference in temperature 
5 between the position of a heat spot and other 

position) , 

W: Thickness of the separator plate, and 

!□ 

*3 a: Coefficient of linear expansion. 

;|5 The above formula indicates that a separator plate 

J*j 10 becomes more resistant to the occurrence of heat spots as the 
''^ separator plate becomes thinner. If sliding rotation is 

;J: continued after the occurrence of heat spots, the bearing stress 

5 i becomes higher at the positions of the heat spots so that the 

rf temperature rises much faster at the positions of the heat spots 

15 than at other positions. As a result, the heat spots become 
still greater. 

In the preferred embodiments of the present invention, 
plural separator plates (specifically, two to five separator 
plates) are disposed between each two friction plates arranged 
20 adjacent to each other. The thickness of each of these 

separator plates is set thinner than that of conventional 
separator plates (0.5 to 1.52 mm in the preferred embodiments 
of the present invention as opposed to 2.7 mm or so in the 
conventional art) . This is to make their total heat capacity 
25 substantially equal to the heat capacity of the conventional 



friction plate, and also to provide spline tabs of these 
separator plates, said spline tabs being maintained in 
engagement with their corresponding spline grooves of a clutch 
case, with sufficient strength. 

Further, the /plural (two in this preferred embodiment) 
separator plates disposed between each two friction plates 



arranged adj a cent tjo each other are disposed separably from each 
other. The term ''separably" as used herein means not only that 
the individual separator plates can completely separate from 
each other and can freely move but also that, even when each 
two mutually-adj ajcent separator plates are adhered and fixed 
with each other with a thin member interposed therebetween, the 
separator plates can slightly move in an axial direction owing 
to elasticity of/ the thin member and/or an adhesive. 

These thin members are considered to be effective for heat 
insulation, damping and impact absorption between the 
individual separators . The term "damping" as used herein means 
to suppress vibrations of separators upon receipt of revolving 
power . The term "impact absorption" means that the thin members 
act as cushions between the separator plates. When separator 
plates have asperities, for example, the term "impact 
absorption" means that each thin member absorbs bearing 
stresses at asperities of one of associated separator plates 
and facilitates even contact of the separator plate with the 
other separator plate over the entire surfaces thereof. 



The term "thin member" as used herein should be construed 
to embrace thin plates made of rubber, resin or a mixture thereof 
and thin fabrics such as nonwoven fabric, woven fabric and knit 
fabrics. Preferred examples can include a variety of paper, 
sheets, films, and gaskets. 

More specific examples can include TEFLON® sheets, 
polyimide films, aramid films, fluorinated resin films, 
thermosetting resin films, polyoxymethylene films, fiber- 
reinforced, super engineering plastic films, polyethylene 
sulfide films, polyetherimide films, polyetherketone films, 
polyethersulf on films, carbon fiber sheets, silica fiber sheets, 
and silica paper. 

Further, coatings are considered to have similar effects 
as the above-described thin members. A coating material is 
practically the same as an adhesive useful upon adhering 
separator plates together with a thin member interposed 
therebetween.. Specific examples of the coating material can 
include thermosetting resins, engineering plastics, 
general-purpose resins, polymer alloys, butadiene nitrile 
rubber, and high-elasticity resin sheets. 

The term "machined" as used herein means to be machined, 
for example, by shot blasting or shot peening. As a result of 
this machining, a very small clearance is maintained between 
the separator plates, bringing about an advantageous effect 
that holding of lubricating oil is facilitated. This surface 
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machining is applicable no matter whether thin members such as 
those described above are interposed. 

Referring to FIG. 1, the wet multiplate clutch according 
to the first embodiment of the present invention will be 
described. This wet multiplate clutch has the same basic 
construction as the conventional example shown in FIG. 4. In 
FIG. 1, those parts of the wet multiplate clutch which are the 
same as or equivalent to corresponding parts in FIG. 4 are shown 
by the same reference numerals. 

In the first embodiment illustrated in FIG. 1, two 
separator plates 11 are disposed in a state independent from 
each other between each two friction plates 5 arranged adjacent 
to each other. The separator plates 11 have a thickness of 1.26 
mm per plate, an inner diameter of 131.4 mm, an outer diameter 
of 151.7 mm, a friction area of 45.14 cm 2 per side, and a total 
area of 47.52 cm 2 per side. These dimensions of the inner and 
outer diameters and the areas are the same in the other 
embodiments to be described subsequently herein. 

Reference is next had to FIG. 2. In the wet multiplate 
clutch according to the second embodiment of the present 
invention, a TEFLON® sheet 12 is interposed between each two 
separator plates 11 disposed adjacent to each other and having 
a thickness of 1.26 mm per plate as in the separator plates in 
the first embodiment . 



FIG. 3 shows the TEFLON® sheet 12 and the separator plate 
11 located behind the TEFLON® sheet 12. Sign 11A indicates 
spline tabs of the separator plate 11. 

In addition, similar wet multiplate clutches were also 
constructed by arranging five separator plates of 0.5 mm in 
thickness per plate between each two friction plates arranged 
adjacent to each other (a third embodiment), three separator 
plates of 0 . 9 mm in thickness per plate between each two friction 
plates arranged adjacent to each other (a fourth embodiment) , 
two separator plates of 1 . 4 mm in thickness per plate between 
each two friction plates arranged adjacent to each other (a 
fifth embodiment) and two separator plates of 1.52 mm in 
thickness per plate between each two friction plates arranged 
adj acent to each other (a sixth embodiment) , respectively. The 
occurrence of heat spots was also inhibited in the third to sixth 
embodiments . 

As mentioned above, the separator plates in the first to 
sixth embodiments were equally dimensioned as follows: 
Inner diameter: 131.4 mm 
Outer diameter: 151.7 mm 
Friction area: 45.14 cm 2 per side 
Total area: 47.52 cm 2 per side 

As described above, FIG. 5 illustrates heat spots 11H 
occurred on the conventional separator plates as a result of 
a test. FIG. 6 and FIG. 7 show the results of tests of the wet 
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multiplate clutches according to the first and second 
embodiments, respectively. It is readily appreciated from 
these drawings that the occurrence of heat spots was inhibited 
in the wet multiplate clutches of the first and second 
embodiments. Further, this heat-spot-inhibiting effect was 
also confirmed in the wet multiplate clutches of the third to 
six embodiments. 

The tests were conducted under the following conditions: 

Number of cycles: 2 

Initial revolution speed: 8,100 r.p.m. 

Inertia force: 0.196 kg-m 2 (when an inertial moment was 

caused to occur with a disk-shaped weight 

of about 10 kg) 

Maximum bearing stress: 10 kgf/cm 2 

Oil temperature at the time of a start: 100°C 

Feed rate of lubricating oil: 0.18 L/min 
(from the central axis) 

Period of engagement: about 0.8 sec 

In each of the above-described embodiments, two separator 
plates are disposed between each two (in other words, paired) 
friction plates arranged adjacent to each other. It may be 
contemplated to arrange only one separator plate between two 
friction plates in each of one or some of paired friction plates 
as in the conventional art and two separator plates between two 
friction plates in each of the remaining ones of the paired 



11 



friction plates as in the first and second embodiments of the 
present invention. To assure an exhibition of the advantageous 
effect of the present invention, however, it is desired to 
arrange two separator plates between each two (i.e., paired) 
friction plates arranged adjacent to each other. 

This application claims the priority of Japanese Patent 
Application 2000-265111 filed September 1, 2000, which is 
incorporated herein by reference. 



